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Before commencing this paper and in order to prevent

misunderstanding, I would like to state that I claim to be

neither a Biologist —in the sense in which the term is used in

connection with water —nor yet a Bacteriologist, consequently,

in the descriptions and lists of the biological contents of the

water which accompany this paper I have confined myself

to the enumeration of the genera only, as the determination

of the species is, as all know, a task which may only be success-

fully accomplished by experts who have made a life study

of the subject. Similarly, in the department of Bacteriology,

I have confined myself entirely to quantitative estimations.

The lagoon • under consideration, which is situated near

Brisbane, is an artificial one, and was formed by throwing

an embankment across the bed of a creek, the upper waters

of which it receives. It has been in existence for nearly

forty years. Its watershed has an area of 8,295 acres, for

the most part heavily timbered, and covered in some places

with fairly dense undergrowth.

The catchment area is not fenced, but the lagoon itself

is surrounded by a fence placed at a distance of 1 chain from

the water's edge. There are practically no human habita-

tions on the watershed, but cattle roam all over it at will.

H
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The banks of the lagoon are cleared of timber for a distance

of about 8 chains from the water's edge. There are several

tributary creeks feeding the lagoon, but only two of any size.

The area of the lagoon when full, is 186 acres, of which

about one-third consists of shallows less than 13 feet deep

at high water, that is, when the lagoon is full.

The greatest depth of water is 55 feet, and the estimated

total capacity is 1,000,000,000 gallons.

The lagoon contains abundant growths of common water

weeds which Mr. Bailey, the Colonial Botanist, has been good

enough to identify, and a list of which will be found in the

Appendix I to this paper. Many of these weeds die, and

rise to the surface whenever any considerable and sudden

rise of water takes place in the lagoon. Some of these

plants are undoubtedly responsible for a proportion of the

colour and odour of the water. Mr. G. 0. Whipple, in his

work on the " Microscopy of Drinking Water," states that

Myriophyllum, of which there is abundant growth in this

lagoon, " possesses a natural odour that is strongly vege-

table, and at times almost fi c hy," this odour is imparted to

the water whenever the plants die or are crushed and broken.

I have myself observed this, and I have also found this

plant to cause a sensible increase in the colour of water in

which it was placed.

There is practically no flow of water in the creeks feeding

the lagoon except after heavy rain. There are many pools

more or less deep in the bed of the main creek in which

abundant growths of Spirogyra, etc., exist after dry weather

has continued for a short length of time. These growths

are washed into the lagoon whenever any flow of water takes

place in the creek.

The average total rainfall at the lake per annum, for the

past five years, was 33.93 inches. (For 1904-5 rainfall see

Appendix II.)

The water discharged into the lagoon by the creeks is,

for the first day or so after heavy rain, highly charged with

organic matter evidently of vegetable origin, and is also

highly colrured, but after flowing for some little time it

gradually improves in quality until, having run for, in some

cases four days, the creek water is in some respects purer

than the bulk of the water contained in the lagoon.

(Appendix III.)
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In a lake of this type one of the most important factors

m connection with its biological and chemical composition

which we have occasion to enquire into is the period or

periods during which the water in the lake is in a state of

stagnation or circulation, these periods depend almost

entirely on the temperature of the water throughout its depth

at different times of the year. In colder climates there may
be two periods of circulation of the water in a lake, but in a

climate like ours there can be only one unless indeed, the

lake be over 200 feet deep when stagnation would probably

be permanent

During the months between July and May, there is a

difference of from 5 to 20 degrees Fahrenheit between the

temperatures of the surface and bottom water in this lagoon,

it is to be expected therefore that during that period the bottom

layers of water are certain to remain at the bottom by virtue

of their greater density. This period is termed the " period

of stagnation." It causes several changes to take place in

the character of the water at the bottom of the lagoon. The

most conspicuous change is that of colour. Whilst the

colouring matter in the water remaining at the surface is

bleached by the action of the sun's rays, that at the bottom

grows gradually darker until, near the close of the stagnation

period it has a decided opalescent turbidity and a rich brown

colour, which deepens after being drawn to the surface.

This colour is probably due to the presence of iron in the water,

as well as to the sedimentation of the organic matter, which is

much increased in the bottom layers during this period.

The oxygen dissolved in the bottom water disappears dining

stagnation, owing to its absorption by the organic matter,

putrefaction takes place, and the water acquires an offensive

odour, in which the familiar sulphuretted hydrogen plays a large

part. The effect of stagnation on the microscopic organisms

is no less remarkable, owing to the absence of oxygen and

light little life exists at greater depths than 20 feet, but the

water at the bottom acquires an abundant supply of food

material, both organic and inorganic, suitable for microscopic

life.

Towards the end of May, however, on the approach of

colder weather, the decrease in temperature at the surface

increases the density of the water there, gradually leading

to a complete vertical circulation of the water in the lagoon,
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until, about the middle of June, the temperature of the water

is practically the same throughout all depths. About that

time stagnation once more commences, and continues

throughout the remainder of the year, until May comes round

once more, when the process is repeated. (Appendices IV
and XIII.)

During the period of circulation the character of the

water at, the various depths is completely changed, the colour

of the water becomes uniform throughout all depths, conse-

quently the colour at the surface increases ; indeed I have

found it on one occasion, viz., 5th June. 1905, to be slightly

darker at the surface than at the bottom
; dissolved oxygen

is now found at all depths, and the microscopic organisms

are evenly distributed, whilst the food material before

mentioned is carried to the upper regions where, with light

and oxygen, the organisms are able to utilise it.

The following figures illustrate in a striking manner

the difference between the condition of the water during

stagnation, and during the period of circulation :

Surface
Thirty Feet
Bottom (45ft)

During the Stagnation Period.

May 19th, 1905.

Colour Units.

May 5th, 1905

Dissolved
Oxygen.

ftea. Yellow.
per cent.

of

Saturation.

1.9

42.0

6.5 58.5

nil.

32.0

During thh Circulation Period.

June 6th, 1906.

Colour Unit*.

Yellow.

3.0

2.7

10.0

8.0

June 20, 1905

Dissolved
Oxygen.

per cent.
of

Saturation.

103.0

60.8

(Colour determined by Lovibond Tintometer.)

It will he seen therefore that in this lagoon, containing

as it does an excessive amount of organic matter, the

occurence of these phenomena produces no improvement

in the quality of the water, and is in fact a large factor in

the process of deterioration. Before leaving this subject,

however, on which one might talk all night and concerning

which much has been written, 1 might remark that stagnation

is productive of no disagreeable effects when the lake

bottom contains no organic matter, and that it does not occur

in shallower lakes such as those only 1<» to 15 feet deep, for

in such lakes thermal stratification hardlv exists.



BY HARD0LPH WASTENEYS. 1C9

Quantitative estimations of the bacteria in this water

have been made at irregular intervals since November, 1904.

As usual with waters of this class the numbers are com-

paratively small, averaging about 400 per cubic centimeter

when grown on neutral agar medium. (Appendix V.)

Sufficient anatyses have not been made to show the

seasonal variations in the different micro-organisms in this

lagoon water, it is noted, however, that the diatom Synedra,

and the chlorophyll alga Protococcus are always more plentiful

after rain.

Comparatively large areas of a scum consisting for the

most part of Anabcena, Protococcus and Oscillaria float on the

surface of the lagoon during the summer months, and are

found generally near the edges where they have been blown

by the prevailing wind. The protozoa Peridinium is also

very plentiful, and is found in large numbers associated

with the scum before mentioned.

A micro-organism which 1 consider to be a variety of

Protococcus is the predominating organism in this lagoon
,

it may be seen at all times of the year, but particularly in

summer and after heavy rains, distributed throughout the

surface as a bright green powder of irregularly shaped

particles. This organism, which I have not yet been able to

identify satisfactorily, but specimens of which Mr. Bailey

has kindly forwarded to Professor Borge, in Germany, for

determination, is most obnoxious when plentiful ; it has

not yet given trouble in the lagoon under discussion,

but in a similar and not far distant lagoon it became, some

months ago, so bad that the water was of a bright green

colour throughout, and at the edges in some places the organism

was so plentiful as to impart to the water the consistency

of mud. The odour given off by this organism was so bad

that a workman, the nature of whose employment

required that he reside near the lake, asked for and was

actually supplied with a considerable quantity of disinfectant

for use around his residence whilst the lake wr as being emptied.

Spirogyra grows abundantly during the summer in the

shallow water round the edges of the lake.

When this lagoon water is passed through iron pipes

under low pressure, abundant growths of the Bryozoa,

Plumatella soon become attached to the interior surface
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of the pipes. It is found in active growth and decay nearly-

all the year round, but about the autumn decay is usually

more marked, whilst is is less noticeable in the winter. The

growth extends at times for about 5 inches from the iron

to which it is attached, forming a dense mat in the lower

2 inches. Statoblasts are found in the Plumatella all the year

round, but are most plentiful when the decay is most marked.

Freshwater sponge and Hydra are always found associated

with the Plumatella. The smell from this Bryozoa and Sponge

when in process of decay is most offensive, and is a serious

cause of odour in the water when it is passed through iron

pipes. I might here remark that these organisms will not

grow in the water which is produced in the methods about

to be described. (Appendices VI. and XII.)

I find it difficult, in fact almost impossible to describe

satisfactorily the odour of this water ; it may be described

in a vague manner as a mixture of Vegetable —Salt Marshy

—

Grassy and Fishy —each item predominating at different times

of the year. During long periods of drought the odour is

almost absent, and it is I think most offensive when it has

been in contact with decaying Plumatella.

As regards chemical compostion I find the water of this

lagoon to be comparatively constant throughout the year,

a list which I have prepared giving the monthly averages of

weekly analyses of samples drawn 5 feet below the surface

since May, 1904. shows the organic matter as indicated by

Albuminoid Ammonia determination, to have been highest

in March, when it was averaged .367 parts per million for

the month, the lowest figure obtained being for January,

when it averaged. 260 p.p.m. Nitrates were absent through-

out the year, whilst Nitrites were only occasionally searched

for, but never found present. (Appendix VII.)

In colour the samples varied considerably, the highest

figures being obtained in May and June during the period of

of vertical circulation in the lagoon, the variation being from

52 on the platinum scale in June, 1904, to 20 on the same scale

in January, 1905. The Chlorine figure was practically

constant throughout the year, being about 34 parts per million

or roughly 2.4 grains per gallon. The hardness of this water

is very low, being about 3 degrees on Clarke's scale.
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In spite of the comparatively large amount of organic

matter which it contains this water is not by any means

an " acid " water, except by virtue of its " Free Carbonic

Acid," that is to say it contains no acidity due to " organic "

acids.

In no case would any of the samples obtained from the

lagoon have been considered suitable for a town supply if

only on account of the amount of organic matter indicated

by the figures quoted.

Having thus briefly reviewed the Physical, Biological

and Chemical conditions obtaining in this lagoon, I now come

to the second portion of my paper, viz., the description of

methods of rendering this water fit for a town supply.

Before commencing on this subject I would like to make

one more disclaimer. I have had no opportunity of testing

the processes about to be described on anything like a large

scale, the results having been obtained on small filters, the

largest being 76 square feet in area, and yielding nearly

5,000 gallons of filtrate per 24 hours. Nevertheless, the

greatest care has been taken in every case to imitate as closely

as possible the conditions which would exist were the filter

an acre or more in area, and I am confident that the results

obtained on this experimental scale closely approximate

to those which would be obtained on the larger scale required

for a town supply.

It may be well at this stage to consider briefly the

various methods in use for securing a pure supply of water

from a source of this nature.

First there is the method sometimes adopted of cleaning

the watershed and also the lagoon which contains the water

collected from it. This is a most desireable proceeding, though

there exists some doubt as to the permanency of the benefits

to be derived from cleansing the bottoms of such lakes, but

time does not permit of going into the question in detail here.

With smaller lakes it is sometimes the practice in warm
climates to roof them over entirely, thus preventing the

growth of the various forms of microscopic life which are

responsible for a large portion of the obnoxious odours and

tastes in the water. Water stored in this fashion, collected

of course from a clean watershed, but which before roofing
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the lake has been a constant trouble on account of vegetable

growths is said to remain " clear and pure as crystal, and

nearly as pure as distilled water ;" this statement is made

after 30 years experience by Mr. C. Eliot, City Superintendent

of the Spring Valley Waterworks, of San Francisco, in a letter

to the Committee of the American Waterworks Association,

on Animal and Vegetable Growths affecting water supplies,

1890. When a reservoir was too large to permit of the con-

struction of a roof over it, the same object is said to have been

accomplished by the construction of a large raft which floated

on the surface of the water, and from under the centre of

which the supply was drawn.

Of other methods of purifying lake waters in situ the

most important is that devised by Dr. G. T. Moore, and which

is reported to have been successfully used in several lakes in

America. The method consists essentially in the addition

of sulphate of copper to the water in the lake with

the object of destro}nng the micro-organisms contained

therein. The method will be dealt with later on in this paper.

In nearly all other methods the purification of the water

is effected outside the lagoon.

These methods comprise —Settlement in covered basins,

either by simple subsidence or subsidence aided by coagulants

such as lime or alum, and with or without the use of screens.

Sterilization by distillation, which is as a rule too costly

to be used in connection with a city supply, and lastly Filtra-

tion.

Filtration is the most important of these methods and

the most generally used. It may be divided into two great

sections —Plain Sand Filtration and Mechanical Filtration.

The first section includes all sand filters, both continuous

and intermittent in action, which depend for their efficacy

on the power of the sand alone to retain and remove suspended

matter in the water, and on oxidation effected by the life

processes of bacteria. These filters are generally operated

at slow rates, such as from H to 5 million gallons per acre per

day.

In the second section, I include all those methods of

filtration in which sand filters are used in conjunction with

coagulants and all filter presses of canvas or other porous
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material such as the fused mixture of glass and sand, used

in the Fischer Plaque filter. Filters under this section are

nearly always operated at extremely rapid rates amounting

in some cases to 130,000.000 gallons per acre per 24 hours.

There are methods of filtration which do not come under

either of these heads, but all the more important processes

at present in use on a I;
1 rue scale are included.

As I have already indicated, the water of this lagoon

is objectionable for a town supply owing to its appearance,

colour, smell and taste, but apart from these aesthetic con-

siderations, water of this description is to some people positively

harmful, causing when imbibed in any quantity various

stomachic complaints.

The purification of waters of this class is generally

consiedred to be one of the difficult problems which Water-

works Engineers and Chemists have to deal with.

In the experimental purification of this water, the fol-

lowing methods have been tested :

—

(a) Plain continuous filtration in filters constructed en-

tirely of sand, with, of course, underdrains. and in filters whose

sections consist of layers of sand, ashes and crushed quartz

of various grades.

(b) Plain intermittent sand filtration.

(c) Mechanical filtration, with lime and alum as coaga-

lants.

(d) The Anderson Process, which comes under my heading

of Mechanical Filtration.

A method of water purification has been tried which,

strictly speaking comes under neither of the heads mentioned,

but which may for practical purposes be described as slow,

downward, intermittent filtration. This ingenious process

was suggested by Mr. Arthur Morry, of this City, who was at

that time District Supervisor of Public Works, and in that

capacity devoted a considerable amount of time and thought

to the subject of water purification. A combination of this

process and ordinary sand filtration was also experimented

with. One more process has been tested, namely. Dr.

Moore's method of removing Algae and Bacteria from water

supplies by means of copper sulphate.

Continuous Sand Filtration.

Although no less than five different filters have been used

in this investigation, it is sufficient for the end in view to
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consider in anything like detail the results obtained from

but one of them, a filter whose section is composed entirely

of sand. This filter has an area of 25 square feet, and a

section as follows :

—

Fine sand at top of bed (effective size '335 m.ms.) 41 inches

Under drains composed of various grades of gravel 12 ,.

Total depth of material .

.

.

.

. . 53 ..

The depth of water over the sand was 41 inches, whilst

the maximum loss of head was 91 inches. The method of

operating the filter is as follows : —It is fed from below with

filtered water until it attains a depth of about 6 inches above

the surface of the sand, unfiltered water is then fed on to

the bed from above, and filtration commenced as soon

as the water in the filter is 2 feet over the sand. For

the greater portion of the time during which this filter was

in operation, water was discharged on to the bed through

an aerator, which divided it into a comparatively fine spray.

The filter was allowed to run until it became so choked

with organic matter that a " head " or pressure ot 7 feet

10 inches was necessary to force the water through the sand

at the required rate. The feed water was then turned off, the

sand allowed to drain, and the surface removed for a depth

of about half-an-inch. The filter was then restarted as before

detailed. The period between the times when scraping the

surface to remove clogging becomes necessary is termed

a " run," and varies according to the nature of the applied

water. The average length of run for this filter during the

time it was in operation, was over 70 days, showing clearly

that the sand used for the filter bed was not by any means

too fine, as this is a comparatively long run for a filter of this

type. This filter remained in operation for 183 days, the

average rate of filtration maintained throughout that period

was exactly 2 million gallons per acre per 24 hours.

Chemical and Physical analyses of the unfiltered water and

effluent were made weekly, and a monthly average of the

percentage reduction of organic matter and colour, is given

in Appendix VIII.

The average reduction of organic matter, as shown by the

Albuminoid Ammonia determinations throughout the whole

period of operation was more than one-half, whilst the reduc-
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tion in colour was 66 per cent, of the yellow, and 93^per cent,

of the red units determined by means of the Lovibond

Tintometer. The number of bacteria per cubic centimeter

in the effluent and unfiltered water were also determined

from time to time, the average result of nine determinations

showing 462 per c.c. in the unfiltered water, whilst only 7

per c.c. appeared in the effluent, which is equivalent to a

per centage reduction of 98|. Throughout the whole time

the appearance of the effluent was good, its taste was excellent,

'no odour was noticeable, and it was to the ordinary observer

practically colourless. The sand used in this filter was of poor

quality, being the result of recent decomposition of granite,

it was very friable and exceedingly difficult to clean, and

even when washed with apparent thoroughness still con-

tained a good deal of organic matter. Had better sand,

such as that obtained from the Brisbane River bed been used,

the results from this filter would doubtless have been still

better.

I have described this filter in preference to the other

sand filters mentioned, because it is the most typical of the

group. Even better results were obtained from one of these

filters in whose section ashes played an important part, but

this improvement was proved to be due not to the ashes,

but to the finer grade of sand in the surface layer.

The last mentioned filter contained besides cinders and

crushed quartz, 12 inches of sand on the surface of the bed,

which had an effective size of 28 m.m.s. The sand used

was of superior quality to that in the first-mentioned filter

composed entirely of sand, which probably accounts for the

better chemical results obtained. The Bacteriological results

were however not quite so good, probably on account of

the fact that the depth of the sand layer in this filter was less

than in the former filter. The length of run or period between

scrapings was also not so good as for the sand filter, averag-

ing only 31 days, this was to be expected on account of the

finer grade of sand employed.

During the warmer weather and on account of the in-

creased bacterial activity occasioned thereby, it was found

that the removal of the organic matter and colour by these

filters was much greater than during the colder months of

the year. For a similar reason the amount of dissolved oxygen
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found in the effluents of these filters at the same period was

very small, the oxygen in the applied water being practically

exhausted before the water reached the outlet of the filter.

As the amount of dissolved oxygen in the lagoon water

at this time of the year is comparatively low. aerators were

fixed at the inlets of both filters. These had the effect of

practically saturating the applied water with oxygen, increas-

ing the amount from 75 per cent, of the possible quantity

to about 98 per cent. Notwithstanding the increased amount

in the applied water, however, the oxygen still continued

to be almost entirely exhausted in its passage through the

filters, though a slight increase took place in the amount con-

tained in the effluents.

In order to investigate this phenomenon, arrangements

were made whereby samples of water might be drawn from

different positions in the sand bed. .Several determinations

of the number of bacteria and the amount of dissolved

oxygen in the water at different depths in the sand were made.

It was expected that the rates of decrease of bacteria and

dissolved oxygen would be somewhat similar, or that the

decrease in oxygen would cease in (.hose portions of the filter

which contained practically no bacteria ; this was expected

on the assumption that the decrease in the amount of oxygen

dissolved was entirely due to its consumption by the bacteria

in the process of oxidation of the organic, matter in the water.

It was found that the bacteria were practically all

removed in the upper 6 inches of the sand, but that whilst

about one-half of the total absorption of oxygen by the filter

took place in the first 6 inches, the amount continued to de-

crease at a fairly regular rate throughout the remaining depths

of sand where the water at the same time contained prac-

tically no bacteria T am not able to satisfactorily explain

this phenomenon, but intend if possible to investigate

further.

Intermittent Sand Filtration.

Following a line of thought suggested by the last

mentioned experiments, an intermittent filter was constructed

with a view to testing the effect of more efficiently aerating

the sand bed. The filter is 76 square feet in area, and is

constructed on the lines of the City filter at Lawrence,

Massachusetts, in the United States of America. The bed
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of this filter is composed of 5 feet of sand of an effective size

of 27 m.m.s., placed over underdrains of gravel and brick.

The method of working is as follows : —Water is fed on to

the filter bed by means of a gutter placed along the centre

of the filter 2 inches above the surface of the sand, no attempt

is made to obtain any depth of water over the surface of the

sand bed, so that the water flows almost directly through it

in such a manner as to leave the greater portion of the

surface dry. By this means the growth of algae on the surface

of the sand which takes place in ordinary continuous sand filters

is avoided, and the periods between the times when scraping

becomes necessary are in consequence greatly increased.

No water is fed on to the filter for a certain portion of every

24 hours, during which time the filter ; s allowed to drain,

and in this manner the sand bed is completely aerated every

24 hours. Two different periods of rest have been tried for

considerable lengths of time in this filter, namely 8 hours

and 4 hours, the former period, 8 hours, appears so far to give

the best results. The cessation of work for such a large por-

tion of the time naturally necessitates a greater rate of flow

through the filter than is the case with ordinary sand filters,

in order to accomplish the same amount of work for the 24

hours. Nevertheless, in spite of the increased rate, the

reduction of colour and organic matter has been excellent,

and tlie average reduction effected by this filter when working

with a daily rest of 8 hours is distinctly better than that

effected by any of tiie ordinary sand filters. The Bacterio-

logical results from this filter are, however, not so good as

those obtained from the ordinary sand filters, the average

reduction effected being about 74 per cent. (Appendix IX.)

We now come to the consideration of results obtained

from filters of the type designed by Mr. Morry, which lie

describes as " Biological Oxidising Beds." Mr. Morry states

that the idea of their construction was suggested by the
' ; Ducat " and " Stoddart " beds used in sewage purification,

and which are built up above the ground. In brief the beds

are composed of about 6 feet in depth of gravel, or coal, in

varying grades ; in some of the filters these beds are so con-

structed as to admit of side aeration, but the feature which

is common to all is the method of delivering the un-

filtered water on to the bed of the filter. This is done through
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an intermitter from which the water is discharged at intervals

into the basin of a revolving sprinkler running on ball bear-

ings, which distributes it regularly and evenly over the surface

of the filter bed, through which it slowly percolates and flows

into underdrains which lead into a small receiving vessel.

The object of this method of discharging the effluent is to

insure the thorough aeration of the water in its passage through

the filters. That this has been effected is proved by the fact

that even in the warmest weather the effluents from all but one

of these filters contained over 95 percent, of dissolved oxygen,

and it has been proved that this aeration is chiefly produced

during the passage of the water through the bed of the filter

itself. Altogether 8 filters of this type were experimented

with ; they may be divided into two classes, namely, those

in which sand forms a portion of the filter bed and those in

which the filter bed consists entirely of gravel.

Two beds composed partly of sand were tried. In each

of these the surface layer was composed of one foot in depth

of sand, which was also of the same grade in each case. In one,

the remainder of the filter bed was composed of coal in four

layers of different grades, the coarsest with material i inch

in diameter, being at the bottom, making the total depth

of material 6 feet. In the other filter the remainder of the

bed is composed of gravel in four layers, which are identical

in grade and depth with those in the coal filter. The coal

filter is fitted with means of securing both side and bottom

aeration, whilst no provision for such aeration is made in the

gravel bed. In consequence of this the amount of dissolved

oxygen in the effluent from the coal bed is much greater

than in the gravel bed effluent. The reduction of colour

and organic matter however, was found to be much better

in the gravel than in the coal bed filter, whilst the bacterial

purification was the same in each, the reduction effected

being about 92 per cent. The effluent from this gravel and

sand bed filter was in every way excellent, and the average

results are equal to the best results obtained by sand

filtration.

The beds in which gravel alone was used, though effect-

ing a remarkable reduction in the organic matter and colour

of the water, are open to two objections, firstly —They take

a considerable time to properly mature or get in working
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order, and secondly —Even when matured, their effluent*

though bright and sparkling and in every other way desire-

able, always contain a slight amount of matter in suspension,

also as might be expected the reduction in the numbers

of bacteria is comparatively poor.

The consideration of the foregoing circumstances led to the

conclusion that a combination consisting of a bed of this type

worked in conjunction with an ordinary sand filter would

give excellent results ; the rapid passage of the water through

the gravel bed would it was thought effect a partial purifica.

tion of the water without removing all the suspended matter,

at the same time aerating it, and thus rendering it in every

way more amenable to treatment by the sand filter. It

was decided to try the experiment. A small square gravel

filter of the Morry type was constructed with an effective

area of 12 square feet and a depth of 3 feet, a small sand

filter was also constructed, having an area of 18 square

feet, and composed of 2 feet of fine sand. These two

filters were arranged so that the sand filter might be con-

veniently fed with the effluent from the Morry filter.

The sand filter was worked in the usual way, but with a

depth of only 11 inches of water over the sand. Although

only a poor quality of sand was used in this filter, the results

of the analyses of its effluent have fully realised the expecta-

tions before mentioned. When the combination was worked
at a rate which gave a yield of water from the combined
areas equal to that obtained from a similar area of the ordinary

sand filters, the results obtained showed a reduction of

organic matter, which was a distinct improvement on the

results obtained from the best of the sand filters, and whilst

the reduction of the numbers of bacteria was equally good
the amount of dissolved oxygen in the effluent averaged

66 per cent, of the possible quantity during a period in which

the oxygen in the ordinary sand filter effluents averaged

only 10 per cent.

Having considered the results obtained by filtration

of the water without the assistance of coagulants, the next

method for consideration is that of Mechanical Filtration.

The main object of mechanical filtration is to purify

large volumes of water with a small amount of filtering

material. In order to effectively do this the addition of a



120 TYPICAL QUEENSLANDLAGOON

coagulant is generally necessary in order to remove a portion

of the polluting matter before nitration, and to quickly form

on the surface of the sand in the filter a coagulum which

takes the place of the natural film produced by subsidence

of suspended matter and bacterial action on the surface of a

plain sand filter. This form of filtration is only " mechanical "

in connection with the arrangements for agitating the sand

during the frequent cleansing necessary, and for the regular

dosing of the applied water with the solutions of coagulant

Experiments conducted with the water of our lagoon

showed the best proportion of coalguants to be 1 grain per

gallon of alum and 4-| grains per gallon of lime. Four hours

settlement after adding the coagulants but prior to filtra-

tion was also found to be necessary.

Time does not permit of a detailed description of the

experiments conducted with this process, which extended

over a period of six months, I must content myself with

stating that very excellent results were obtained throughout

the experiments.

For purposes of comparison, I have constructed tables

showing the average composition of the effluent of the

mechanical filter for a period of three months, during which

the best results were obtained at a rate of filtration equal

to 104 million gallons per acre per day. For purposes

of comparison, I have also calculated the average com-

position of the effluent from the intermittent plain

sand filter before described during a similar period

of three months, whilst operating at an average rate per day

of 2.23 million gallons per acre, and a rest interval of 8 hours

in every 24. I have also calculated in each case the reduc«

tion of organic matter effected in the same period. This shows

the percentage reduction of organic matter, as indicated by

the albuminoid ammonia figures to be roughly 58 in the

case of the intermittent plain sand filter, against 56 in the

case of the mechanical filter, although the average

albuminoid ammonia contents of the plain sand filter

effluent was .136 parts per million, as against .123 parts

per million in the mechanical filter. It is true also

that the best result obtained by mechanical filtration

was better than the best result obtained from the plain

intermittent sand filter, but in view of the decided
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predjudice which exists against the use of alum in con-

nection with the purification of a water supply, whether

this predjudice is justified or not. I venture to assert that

the comparison is all in favour of plain sand filtration, especi-

ally when it is considered that the average results compared

are not the best results obtained from plain sand filtration,

though unfortunately I have no better figures available

from observations conducted throughout a similar period.

(Appendix X.)

The next method for consideration is Anderson's Pro-

cess. This process comes under my heading of Mechanical

Filtration, though it has not the objectionable feature of

the method just described, namely the use of alum as a

coagulant. The process in brief is as follows : —Metallic

iron, in the form of cast iron borings or steel punchings is

placed in an iron cylinder, through which the water passes

on its way to the sand filters. This cylinder is so arranged

that by its slow rotation the iron is continually lifted and

showered down through the water, which is being passed at a

moderate >peed through the cylinder. Air also is introduced.

By means of this contrivance a small quantity of iron

is dissolved in the water through the agency of the carbonic

acid contained therein. This iron is dissolved in the form

of ferrous carbonate, which on coming into contact vvith the

air is oxidised and precipitated as ferric hydrate in particles

mote or Ie-s coarse, according to the nature of the water.

This precipitate settles rapidly, carrying down with it and
possibly oxidising the organic matter in the water, and at the

same time removing the bacteria also. Subsequently the

presence of this flocculent precipitate in the water permits

of its rapid and efficient filtration through a simple sand

filter.

The use of this process for the purification of our lagoon

was suggested to me by Mr. Parkinson, a well-known civil

engineer of this city, who was kind enough to lend me a

copy of the proceedings of the Institution of Civil Engineers

containing a paper by Messrs. Chadwick and Blount, on the

result- of their experience with fehis method as a means of

purifying the waters of lakes similar to ours in Mauritius

and South Africa. The results described in that paper
were 50 very good that it was determined to try the method
on our lagoon water.

i
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I regret to say that I am unable to describe the results

of experiments with this method on anything but a

laboratory scale, but the results thus simply obtained are

so very excellent as to warrant the assumption that if tried

on a larger scale, an effluent would be obtained which would

easily excel the best results obtained by any of the methods

I have just described, at the same time requiring a very much

smaller area of sand bed, on account of the much greater

rapidity with which the water may be efficiently filtered

after treatment in this manner. (Appendix XI.)

One more system of water purification remains to be

mentioned before I conclude, namely Dr. Moore's method

of destroying and preventing the growth of algae and bacteria

in water supplies.

The numerous experiments with this method and our

lagoon water, which continued without cessation during

a period of three months, thoroughly confirm the results

obtained in America in similar lakes by Dr. Moore, or under

his direction.

The method used for the distribution of copper sulphate

throughout the lake is to tow it in coarse bags behind boats,

in this manner it is stated that 100 lbs. of the salt can be dis-

tributed in 1 hour.

The toxicity of copper sulphate is so great that on one

occasion when experimenting with so small a proportion

of the salt as 1 to 8 million of lagoon water, only a few protozoa

remained in the water after treatment, whilst untreated water

which had been standing under exactly similar conditions,

contained at the end of the experiment as many as 1.320

organisms per cubic centimeter.

The satisfactory fact was also noted that the organisms

which are most objectionable and most plentiful in this

lagoon, showed the greatest sensitivity to the sulphate of

copper. From the results of the experiments, I think it is

safe to conclude that a strength of solution of 1 part of copper

sulphate to from 8 to 10 million parts of water is sufficiently

strong to effectively remove the obnoxious algae from this

water, this proportion stated in other terms is equivalent

to lib. of copper sulphate in every 800,000 to 1,000,000

gallons of water. I consider also, that if this salt is added
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to the lagoon water during the stagnation period before

mentioned, a still smaller amount of the salt would be necessary

on account of the fact that organisms exist to any great

extent during that period only in the upper 15 feet of water

whilst it is probable that the stratification of the water by
reason of its varying density would help to maintain the solu-

tion in the upper layers of a sufficient strength and for a

sufficiently long period to enable it to do its work among the

algae ; and it is to be remembered also that in the surface

layers of water where the algae are most abundant, the

solution will in any case owing to the method of applica-

tion, be for a short period much stronger than one to eight

million.

My experiments also proved that when solutions of the

strength named were used, no copper could be detected in

the water three days after its addition, although the test

used would easily have detected the presence of 1 part of

copper sulphate in 25 million parts of water. As this pro-

portion is equivalent to 1 part of metallic copper in 100 million

parts of water, it may be considered I think that all the

copper is eliminated by precipitation.

In the majority of these experiments with copper sulphate,

4£ gallons of water were used, the containing vessel being

glass in nearly every case. Small fish were invariably present,

and in no case suffered any apparent inconvenience.

It is impossible here to go into the results obtained

in these experiments in anything like detail, and it is sufficient

to state that the results indicate that the method could be

successfully applied to a water of the type under considera-

tion, nevertheless although the copper sulphate treatment

is a most valuable remedy for the unpleasant odours and
tastes, and might be advantageously applied where no other

method of purification exists, or in conjunction with other

methods, it does not remove the colour and dissolved organic

matter, and only removes one of the causes of colour and

organic contamination, consequently it cannot be said to

remove the necessity for filtration.

In conclusion I may state that nearly every one of the

methods I have described for the purification of this lagoon

water yields a product which would be received with delight
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if delivered to consumers by the pipes of any water system

in Australia. Not only is the purified lagoon water excellent

for drinking purposes, but it is also eminently suitable for

other uses ; its softness and freedom from colour rendering

it especially desirable for laundry work and steam raising.

It is evident from the results of these investigations

that the purification of waters of this type is not by any means

the impossibility which tradition has taught ua to imagine it.

In the course of these investigations, I have frequently

found it necessary to obtain the advice of several of my
friends, better versed than myself in various phases of this

subject, and I seize this opportunity of expressing my grat-

itude to these and all others who have rendered me assist-

Al'I'BNDIX I.

LIST OF AQUATIC PLANTS IN LAGOON.

Names Supplied by F. M. Bailey, F.L.S., Colomial Botanist.

Utricularia flexuosa.

Hydrilla verticillata.

Myriophyllum verrucosum,
Myriophyllum variaefoliuni.

Jussiaea repens.

Ottelia ovalifofia.

Marsilea Brownii.

Eclipta alba.

Cyperus exaltata.

Polygonum lapatbifoliuiB.

Polygonum attenuatum.
Limnanthemum indicum.

Nymphsea gigantea.

Nymphaea flava.

Azolla rubra
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Appendix IV.

TEMPERATUREOFWATERIN THELAGOON.

Degrees Fahrenheit.

Average
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Appendix VI.

LIST OF MICRO-ORGANISMS. OTHERTHAN BACTERIA, FOUND
IN THE LAGOONWATER. DURINGTHE PERIOD

APRIL. 1904^IULY, 1905.

DIATOMACEAE: — Synedra ulna, Synedra pulchella, Nitzschia,

Navicula, Asterionella. Tabellaria, Cocconeis,

Himantidium.

CYANOPHYCEAE:

—

Anabcena, Glceocapsa, Coelosphaerium, Micro-
cystis, Oscillaria, Aphanocapsa, Lyngbya.

SCHIZOMYCETES:— Crenothrix, Beggiatoa.

CHLOROPHYCEAE: —Chlorococcum, Protococcws, Haematococcus, Seene-

desmus, Coelastrum. Cosmarium. Palmella, Pan-
dorina, Raphidium, Staurastrum, Conferva,

Desraidium. Closterium, Volvox, Kirchneriella,

Micrasterias, Ophiocytium, Pediastrum, Stauro-

genia, Ulothrix, Xanthidium, Ankistrodesmus,

Arthrodesmus, Botryococcus, Docidium,
Sphaerozoaua, Gloeocystis, Dictyosphaeriuni,
Dimorphococcus, Hyalotheca, Penium, Spirogyra,

Stigeoclonium, Chaetophora, Zygnema, Micro-
spore.

PROTOZOA:

—

Peridinium, Dinobryon, Ceratium, Cryptonionas,
Mallomonas, Vorticella, Chlamydomonas, Coleps,

Enchelys, Euglena, Nassula, Paramaeciurn,
Phacus.

ROTIFERA :

—

Anuraea, Rotifera, Asplanchna, Diglena, Triarthra,

Notholca.

CRUSTACEA:

—

Bosmina, Cyclops, Daphnia, Diaptomus, Sida.

OTHERORGANISMSPlumatella, Arcarina, Anguillula, Hydra, Spon-
gUla.

Those italicised occasionally observed in large numbers.

Plumatella, Hydra and Spongilla plentiful on wooden piles in lagoon

,

and in low pressure lengths of pipe.
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Appendix VIII.

MONTHLYAVERAGESOFPERCENTAGEREDUCTIONIN ORGANIC
MATTER, COLOURAND BACTERIA, EFFECTED

BY PLAIN SAND FILTRATION.
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Appendix X.

COMPARISONOF EFFLUENTS FROMA MECHANICALFILTER
AND AN INTERMITTENT PLAIN SAND FILTER, OBTAINED

DURINGPERIODOFTHREEMONTHS.

1

Mechanical niter —104 million gallons per acre

per 24 hours.

Intermittent Sand Filter —2.23 million gallons

per acre per 24 hours.

Average Results of Analyses Throughout Period of Test.
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Appendix XI.

131

ANALYSESOF SAMPLEOF LAGOONWATERCOMPAREDWITH
FILTRATES FROMANDERSON'SPROCESS.

Parts per Million.
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Appendix XIII.

SHADETEMPERATUREOF THE ATMOSPHEREAT THE LAGOON.

(Degrees Fahrenheit).

Period.


